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Atherosclerotic disease of the thoracic aorta is common in the 
elderly and patients with clinical coronary artery disease. Al- 
though embolization can occur from atherosclerotic debris within 
the thoracic aorta, it is not commonly considered in the differen- 
tial diagnosis of the source of a systemic embolism. In the current 
study, the prevalence, dinicai s^ficance and embolic potential 
of mtraaortic atherosclerotic debris as detected by transesoph* 
ageal echocardiography was determined. 

Intraaortic atherosclerotic debris was identified in 38 {!%) of 
556 patients undergoing transesophageal echocardiography. An 
embolic event occnrred among 11 (31%) of the 36 study patients 
with mtraaortic atherosclerotic debris. The mddence of an embol- 



ic event was higher when the debris was pedunculated and highly 
mobile (8 [73%] of 11 patients) than when it was layered and 
unmobile (3 [12%] of 25 patients) (p < 0.002). Among 15 patients 
undergoing an invasive procedure of the aorta, the mddence of 
embolism was 27%. 

In condusion, in a patient with an embolic event, the thoradc 
aorta should be considered as a potential source. Transesophageal 
echocardiography can reliably detect intraaortic atherosderotic 
debris, and when it is identified, an mvasive aortic procedure 
should be avoided if posnble. 

(J Am Con Cardiol 199I;17:73'8) 



Atherosclerotic disease of the thoracic aorta is common in 
the elderly and patients with clinically significant coronary 
artery disease (1^3). Thrombi, fibrinous material and choles- 
terol crystals may dislodge from a complex ulcerated athero- 
sclerotic plaque within the thoracic aorta, resulting in cere- 
bral or peripheral embolism (4-7). Although the heart is well 
recognized as a source of systemic embolism (8), the tho- 
racic aorta is not. In part, this may be due to the lack of 
reliable noninvasive techniques for detecting complex ath- 
erosclerotic plaque within the thoracic aorta. 

Transesophageal echocardiography can image most of the 
thoracic aorta and provides high quality imaging of the 
iniimal surface (9, 10). Using this imaging technique, we have 
observed complex atherosclerotic plaque protruding into the 
lumen of the thoracic aorta, which we have termed intraaor- 
tic atherosclerotic debris. The purpose of this study was to 
determine the prevalence, clinical significance and embolic 
potential of intraaortic atherosclerotic debris. 
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Methods 

Study patients. Between September 1988 and March 
1990, 556 patients underwent transesophageal echocardio- 
graphic examination at our institution. We prospectively 
identified intraaortic atherosclerotic debris in 38 patients 
(7%). No patient had an aortic dissection and three patients 
had an aneurysm of the descending thoracic aorta, defined as 
a focal saccular dilation of the aorta >4 cm in diameter. In 
two patients, intraaortic atherosclerotic debris was visual- 
ized in the descending thoracic aorta, but the aortic arch was 
not clearly visualized. These patients were excluded from 
the study. 

The remaining 36 patients who had satisfactory echocar- 
diograms of both the arch and the descending thoracic aorta 
formed the study group. We analyzed the clinical and 
laboratory data in these 36 patients for evidence of a cerebral 
or peripheral embolic event. In addition, we reviewed their 
medical records for a prior invasive procedure involving the 
aorta and for a history of hypertension, diabetes mellitus, 
peripheral vascular disease, tobacco use and hypercholes- 
terolemia. An invasive procedure included transfemoral 
angiography, intraaortic balloon pump counterpulsation or 
aortic cross-clamping and cannulation during cardiac sur- 
gery. All patients with a cerebral embolic event had nonin- 
vasive ultrasound imaging of the carotid arteries. 

Control group. One hundred age-matched patients who 
underwent transesophageal examination at our institution, 
who had satisfactory echocardiograms of both the arch and 
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descending thoracic aorta and no evidence of iniraaomc 
atherosclerotic debris served as the control group. The 
history of each patient in the control group was reviewed for 
evidence of a cerebral or peripheral embolic event. 

Systemic embolism. A cerebrovascular event was classi- 
fied as a transient ischemic attack or a stroke. A transient 
ischemic attack was defined as rapid development of focal 
cerebral dysfunction of presumed vascular origin that re- 
solved completely within 24 h. A stroke was defined as rapid 
development of focal or global cerebral dysfunction of 
presumed vascular origin lasting >24 h. A cerebrovascular 
event was classified as embolic only with strong corrobora- 
tive clinical and computed tomographic evidence. A periph- 
eral vascular event was considered embolic if sudden vas- 
cular occlusion had supporting clinical, angiographic or 
surgical findings. If the embolic event could not be classified 
with certainty as embolic, patients were included in the 
study but categorized as not having suffered an embolic 
event. 

Echocardiographic examination. Transesophageal echo* 
cardiography was performed using a 5 MHz phased array 
echoscope connected to either a Hewlett Packard Sonos 
1000, Aloka 860 or Aloka 870 echocardiographic system, 
allowing the possibility of two-dimensional, pulsed Doppler 
and Doppler color flow imaging. Patients fasted for s6 h. 
After obtaining informed consent, the oropharynx was anes- 
thetized with an aerosolized topical solution of lidocaine. 
Patients were sedated with 1 to 2 mg of intravenous mida- 
zolam hydrochloride to better tolerate the echoscope. A 
comprehensive transesophageal echocardiographic exami- 
nation was performed using previously described standard- 
ized scan planes (9), and the heart and aorta carefully 
evaluated for all potential sources of embolism. 

Detection of intraaortic atherosclerotic debris. By two- 
dimensional echocardiography, the aortic wall was consid- 
ered normal when the intimal surface was smooth and 
continuous (Fig. 1). 

Simple, atherosclerotic plaque was defined as: 1) focal 
increased echo density and thickening of the iniima extend- 
ing <5 mm from the aortic wall into the aortic lumen; 2) no 
overlying shaggy echogenic material; and 3) no disruption or 
irregularities of the intimal surface. 

Complex atherosclerotic plaque (intraaortic atheroscle- 
rotic debris) was defined'as: 1) disruption or marked irregu- 
larities of the intimal surface, with focal increased echo 
density and thickening of the adjoining intima; and 2) over- 
lying shaggy echogenic material extending >5 mm from the 
aortic wall into the aortic lumen. Therefore, with proper gain 
settings, we were able to distinguish between simple athero- 
sclerotic plaque and intraaortic atherosclerotic debris. 

We subdivided intraaortic atherosclerotic debris either 
layered if it was broad-based and immobile (Fig, 2) or 
pedunculated if it was narrow-based, protruded into the 
aortic lumen and was highly mobile (Fig. 3). 

Sutistical analysis. Numeric values are reported as 
mean ± standard deviation or as a proportion of the sample 




Figure 1. Transesophageal short-axis echocardiographic view of a 
nomial descending (DESC.) thoracic aorta. Note the smooth con- 
tinuous intimal surface. ECG = electrocardiogram. 



size. Statistical comparison between groups was performed 
using the chi-squarc test. The designated level of significance 
was p < O.OS. 



Rgnrt 2. Transesophageal echocardiographic short-axis view at 
the level of the descending thoracic aorta in a patient with intraaortic 
atherosclerotic debris. The debris (open white arrow) is layered. 
There is a broad base of attachment to the intima (opoi black arrow) 
and the debris is immobile. 
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Fignre 3. Transesophageal echocardiographic. short-axis view at 
the level of the descending thoracic aorta in a patient with intraaortic 
atherosclerotic debris. There is a narrow base of attachment to the 
intima. The debris (open white arrow) is pedunculated and protrud- 
ing into the lumen. Although not demonstrable on a still image, the 
debris was highly mobile. 

Results 

Patient characteristics (Table 1). The study group in- 
cluded 19 men and 17 women with a mean age of 71 ± 9 
years (range 55 to 89). There was evidence of a cerebrovas- 

Table 1. Clinical Qiaracteristics of 36 Patients With Intraaortic 
Atherosclerotic Debris 



Systemic EmboUsm 





Present 


Absent 




(n = li) 


(n = 25) 


Age(yr) 


68±8 


72i9 


Gender 






Male 


5 (45%) 


14 (56%) 


Female 


6 {55%) 


n (44%) 


CAD 


4 (36%) 


10(40%) 


Valvular disease 


2 (18%) 


M (44%) 


Valvular prosthesis 


2(18%) 


5 (20%) 


CHD 


0 


1(4%) 


Diabetes meUitus 


3(27%) 


6(24%) 


Hypertension 


6(55%) 


16(64%) 


PVD 


4(36%) 


7(28%) 


History of smoldog 


5 (45%) 


17 (68%) 


Hypercholesterolemia 


3(27%) 


8 (32%) 


Cardiac rhythm 






Sinus 


8 (73%) 


19(76%) 


Atrial fibrillation 


3C7%) 


6(24%) 



CAD e coronary artery disease; CHD * congenital hean disease: PVD » 
peripheral vascular disease. 



Table 2. Echocardiographic Features of Intraaortic 
Atherosclerodc Debris in 36 Pauents 





Systemic Embolism 




Present 


Absent 




(n = 11) 


(n»25) 


Site in thoracic aorta 






Arch and descending 


9(82%) 


16 (64%) 


Descending only 


2(18%) 


9(36%) 


Arch only 


0 


0 


Morphology 






Pedunculated, mobile 


8 (73%)* 


3 (12%)* 


Layered, immobile 


3(27%) 


22(88%) 



♦p < 0.002. 



cular or peripheral embolic event in 11 (31%) of 36 patients. 
The embolic event occurred within 1 month of recognition of 
the intraaortic atherosclerotic debris. Seven patients had a 
cerebral embolic event, and four patients had a peripheral 
embolic event. The clinical characteristics of patients 
grouped by the presence of systemic embolism are depicted 
in Table 1. 

The control group consisted of 56 men and 44 women 
with a mean age of 67 ± 10 years (range 35 to 84). Four (4%) 
of the 100 control patients had clinical evidence of a cere- 
brovascular embolic event, but none had evidence of a 
peripheral embolic event. Study group patients with in- 
traaortic atherosclerotic debris had a significantly higher 
incidence of embolic events than the control group (p < 
0.0001). 

Echocardiographic findings (Table 2). Intraaortic athero- 
sclerotic debris was more likely to involve both the arch and 
the descending thoracic aorta than just the descending 
thoracic aorta. No patient had intraaortic atherosclerotic 
debris limited to just the arch of the thoracic aorta. In all 
patients with cerebrovascular embolism, intraaortic athero- 
sclerotic debris was identified in the arch of the thoracic 
aorta as well as the descending thoracic aorta, proximal to 
the route taken by the embolus. An embolic event occurred 
in 8 (73%) of 11 patients with protruding, highly mobile 
atherosclerotic debris, but in only 3 (12%) of 25 patients with 
layered immobile debris (p < 0.002) (Fig. 4). In all patients 
with layered intraaortic atherosclerotic debris, the borders 
of the debris were disorganized and shaggy. In the 11 
patients with an embolic event, we found an additional 
potential cardiac source of emboli in only 2; one had a St. 
Jude prosthetic mitral valve and the other had a St. Jude 
prosthetic aortic valve. In both of these patients, the pros- 
thetic valve appeared normal and there was no evidence of 
intracardiac thrombus. In the three patients with a descend- 
ing thoracic aortic aneurysm, intraaortic atherosclerotic 
debris was identified both in the nonaneurysmal thoracic 
aorta and within the thoracic aortic aneurysm. Pathologic 
confirmation was available in two patients (Fig. 5). 

Of the four control patients with cerebrovascular embo- 
lism, a left atrial myxoma was detected in one and a 
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Pedunculated Layered 




Yes No Yes No 



Figure 4. Flow diagram depicting the development of embolic 
events in our 36 study patients on the basis of the morphologic 
characteristics of the inlraaortic atherosclerotic debris (IAD). *p < 
0.002. 

thrombus in the left atrial appendage in another. In the 
remaining two control patients, no potential cardiac source 
of embolism was detected by transesophageal echocardiog* 
raphy. 

Carotid artery disease as a source of cerebrovascular 
embolism. In the seven study group patients with a cerebral 
embolic event, ultrasonic carotid artery imaging was normal 
in three and showed mild luminal irregularities in one. It 
demonstrated a significant (>70%) luminal narrowing of a 
carotid artery in three patients. In one, the severe stenosis 
involved the right carotid artery but the cerebral infarct 
involved the left cerebral cortex; in one, the severe stenosis 
involved the left carotid artery and the infarct was in the left 

Figure 5. Pathologic specimen of the descending thoracic aorta. 
The intraaortic atherosclerotic debris (white arrow) is irregular and 
shaggy. Note there are several areas where the intimal surface is 
disrupted (black arrows). This extensive atherosclerotic lesion in- 
volved the entire thoracic aorta and had been detected in life by 
transesophageal echocardiography. 
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cerebral cortex; and in the third, severe stenosis involved 
both carotid arteries. 

Risk of embolization in patients undergoing invaave aortic 
procedures. Fifteen patients in the study group underwent 
an invasive procedure involving the thoracic aorta within 1 
week of the recognition of intraaortic atherosclerotic debris. 
In six, the intraaortic atherosclerotic debris was peduncu- 
lated and highly mobile; in the remaining nine, the debris 
was layered and immobile. In these 15 patients, the inci- 
dence of embolic events temporally related to the invasive 
procedure was 27% (n = 4). Embolic events occurred in four 
of the six patients with pedunculated and highly mobile 
intraaortic atherosclerotic debris and in no patient with 
layered and immobile intraaortic atherosclerotic debris (p - 
0.02). In two other patients, the detection of intraaortic 
atherosclerotic debris by transesophageal echocardiography 
altered the clinical management; in one patient, cardiac 
catheterization was performed from a brachial (instead of 
femoral) approach, and in the second patient, preoperative 
placement of an intraaortic balloon pump was deferred. 



Discussion 

Inherent to the aging process is arterial atherosclerosis. 
With increasing age and the presence of clinical coronary 
artery disease, a high incidence of severe aortic atheroscle- 
rosis can be expected (1-3). We have demonstrated that 
transesophageal echocardiography is an excellent method 
for detecting and evaluating the extent of intraaortic athero- 
sclerotic debris (complex plaque with intimal disruption) and 
identifying a subset of patients at high risk for systemic 
embolization. 

Recognition of intraaortic atherosclerotic debris. Trans- 
esophageal echocardiography has several advantages in the 
evaluation of the thoracic aorta (9,11). The esophagus is 
adjacent to the thoracic aorta, and the superior resolution of 
the high frequency (5 MHz) transesophageal transducer is 
able to recognize intraaortic atherosclerotic debris and dis- 
tinguish it from simple atherosclerotic plaque that may have 
a lower embolic potential. 

Intraoperative studies (12) using quantitative ultrasound 
techniques to image the ascending aorta have found evi- 
dence of atherosclerotic disease in 55% of patients. Simi- 
larly, autopsy data (I) in patients with clinical coronary 
artery disease indicate that complex atherosclerotic plaque 
with a diameter of ^8 mm occurred with a prevalence of 
38%. Furthermore, the extent of atherosclerosis is more 
severe in patients >65 years of age (2,3). In our study, the 
incidence of intraaortic atherosclerotic debris among all 
patients referred to our laboratory for transesophageal echo- 
cardiography was 7%. However, in elderiy patients and 
patients with significant coronary artery disease, the preva- 
lence of intraaortic atherosclerotic debris may be much 
higher. 
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Intraaortic atherosclerotic debris as a potential source of 
embolism. Although the thoracic aorta has been described 
as a source of cerebral and peripheral embolism (4-7,13-15), 
published studies (16-18) on the etiology of stroke have paid 
little attention to the thoracic aorta as a source of embolism. 
In this study, intraaortic atherosclerotic debris was the only 
potential cardiac source of systemic embolism detected in 9 
of 11 patients. In two patients, we could not rule out small 
emboli originating from a prosthetic valve. However, it is 
more likely that the intraaortic atherosclerotic debris was the 
source of embolism in these two patients because anticoag- 
ulant therapy was well controlled in both and their prosthetic 
valves functioned well. Furthermore, a patient with stroke 
or transient ischemic attack can have both a cardiac source 
of embolism and significant carotid arterial disease (19). In 
our study, the source of embolism was cleariy aortoarterial 
in five of seven patients with a cerebral embolic event. 
Therefore, it is possible that atheromatous embolization 
from the thoracic aorta is more frequent than is generally 
recognized. 

Recognition of high risk patient subsets. The incidence of 
an embolic event in patients with intraaortic atherosclerotic 
debris was 31%. The echocardiographic characteristics of 
the debris are important in determining the embolic poten- 
tial. Intraaortic atherosclerotic debris that is pedunculated 
and highly mobile is more likely to embolize than is layered 
immobile debris (73% versus 12%). Furthermore, when an 
invasive procedure involving the aorta is performed in 
patients in whom intraaortic atherosclerotic debris is de- 
tected, especially if the debris is pedunculated and highly 
mobile, the likelihood of precipitating an embolic event is 
high. 

Limitations. Our study has some important limitations. 
The determination of whether a cerebral ischemic event was 
embolic in origin is essential. We used strict clinical and 
laboratory criteria to define a cerebral event as embolic. If 
this distinction was unclear, the cerebrovascular event was 
categorized as nonembolic. Thus, we may have underesti- 
mated the true incidence of embolic events in our study 
patients. 

Almost all patients had high quality imaging of the arch 
and descending thoracic aorta. In 5% of patients, the aortic 
arch could not be adequately visualized because of technical 
limitations of the transesophageal approach. In these cases, 
either a large hiatal hernia obstructed imaging of the aorta or 
the course of the aortic arch was so distorted that optimal 
imaging of the intimal surface was not possible. In addition, 
a small portion of the ascending aorta directly anterior to the 
left main stem bronchus is a blind spot for transesophageal 
echocardiography. Intraaortic atherosclerotic debris tends 
to diffusely involve the thoracic aorta, so it is unlikely that 
we missed any focal intraaortic atherosclerotic debris in this 
portion of the ascending aorta. 

In patients with peripheral embolism, the abdominal aorta 
could not be excluded as a potential source. Transesoph- 
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ageal echocardiography is of limited value in imaging the 
abdominal aorta. 

Clinical implications. Stroke is a major cause of death 
and long-term disability in the United States (20). Clinical 
studies (19,21-23) suggest that cardiogenic embolism is the 
presumed cause of ischemic stroke in up to 20% of patients. 
However, the source of an embolism is often not detected. 
We believe that the thoracic aorta is an undeitecognized 
source of systemic embolism. 

We recommend that a patient with cerebral or peripheral 
embolism without a source identified by routine transtho- 
racic echocardiogr^hy and noninvasive carotid artery im- 
aging should undergo transesophageal echocardiography to 
evaluate the thoracic aorta, especially if the patient is likely 
to have extensive atherosclerotic disease. Whenever in- 
traaortic atherosclerotic debris is detected, especially if the 
debris is pedunculated and highly mobile, an invasive aortic 
procedure should be avoided if possible. 



We express our gratitude to Catherine Coin for typing and fonnatting the 
manuscript. 
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